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— ABSTRACT

EFFECT OF EUGENOL ON REGULATION OF iCGRP RELEASE
FROM THE BOVINE DENTAL PULP

Won-mann Oh, Nam-ki Choi, Sun-hun Kim
College of Dentistry, Institute of Dental Science Chonnam Nat. Uni.

RIA.
The results were as follows:
1. Administration of eugenol has no effect on basal release of iCGRP.
2. In the vehicle treated group, capsaicin evoked a 2.5-fold increase over basal iCGRP levels.
+41.1% vs 258.9+21.7%).
without evoking iCGRP release from dental bovine pulp.

medicament of eugenol may relieve pain, in part, by this mechanism.

Key Words : Eugenol, Bovine dental pulp, iCGRP, Capsaicin, Superfusion, RIA

Eugenol has been reported to reduce odontogenic pain and is known to have a structure similar to cap-
saicin, a potent stimulant of certain nociceptors. We have hypothesized that the analgesic effect of eugenol
may be due, in part, to inhibition of capsaicin-sensitive nociceptors. To test this hypothesis, we evaluate
whether eugenol inhibits capsaicin-sensitive release of immunoreactive calcitonin generated
peptide(iCGRP) from bovine dental pulp. Freshly extracted bovine incisors were transported to the lab. on
ice, Spilitted and pulp tissue was removed. The tissue was chopped into 200un slices. Dental pulp was
superfused(340 #4/min) in vitro with oxygenated Kreb s buffer. Eugenol and vehicle(0.02% 2-hydroxyl-8-
cyclodextrin) were administered prior to stimulation of pulp with capsaicin and iCGRP was measured by

3. Administration of eugenol(600 #M) reduced capsaicin evoked release of iCGRP by more than 40%(153.4
4. 2-hydroxylpropyl-f-cyclodextrin of less than 0.02% is found to be an effective vehicle to dissolve eugenol

These data indicate that eugenol inhibits pulpal capsaicin-sensitive fibers and suggest that intracanal
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Aslold Al A A £3] AHEE AR EA
F2 A 7HeA B FHAZ A E T Yo B8 fAE
& A GARAN ZetdA TRl 7t AFa
A% 5 AFA R ALY 4 glon, Wi X5z
of AAFely MEEAE op7|gtta HaEo] o &
71l o8] o} AR B vl glok. fAlEe] 7
279 Sgg AAFGAW? PGI2Y] 8L AATL
BMY 5% AFAZA FeS AU vhdd] T2 A
7o B% fu 849 capsaicin® 2 Z4S AYx 9l
thi Bago] it} & capsaicing 159 F8 AR
A 73 5% R A Bl fAEH Ze] ¥
AY BA 725 /1 Yn(Fig. 1) 22779
Eg F8Ao AYHoz Fgste] 58S fEsht Al
o] A3 Felle HMEL AT L fFedle AR
A AP,

meyzzglsh | A7 A (denervation) £ capsaicin
AA A 5o A757 ofshH A HEre] =2 CGRPY
substance P& X9 Adsd 7448 A F T
sof slth, &3] Ao FoiA o2 ok £XHo| glon
53], #2Ae, 3 F g Z4e 5o g A A Hog 24
2 6l o] BEE EAITITS0,

o& AFHE|EE X 29 4oy S A
A AR AFEFE BHlEo RIS oA,
HTA 28 A3k S| AEE felA7)a 8749 48
< op7lste 59 9459 AT W3R AR e
PoJafm 29 22 9) A ghgo| & Fo{Grpt? wx
AR N7 AZsEele|ze] EujzAd gt ofd=
o] SYA BHE e 55 ddsty, 4% € A+ v
+& gelsted A2 934 H2HE ATE + 3
Aolt}, AZAHER| =Y Ap BE, 4% 1231 &
A o]¢] ko ] B Byt Ho gl Wi
ZozRE AZYElE FHE 2-ste A} 2
Ao U Rue 8% Holth, wehr] A5 ASAeld
A AFAAE AFAT e FE-E 7 E 1) A1E0] 29
A gol A {CGRP #¥9 A v F3E Hrlsin
2) capsaicin®l 93] °F7|¥= iCGRP #¥]3-d A&
o vHe A8 U3 #rista 3) B2 IS v
Ak olo] #g 7AE FHIA 4) FAES F A
718 8o E o)Al FEHHA (vehicle) & 27| #13t
o B A7E APt
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1. &7 =2 Ma| @ 1F7(Superfusion)

LA A% 2o A 2FA XolE HAZ 3 A
FHE A7) st oo gol b A&3] A
2 2R bolt cutter® X|o}E FAAIA A5E Eelst
Aot FE A4E HEES o] 48k Imm 272 AT
332 Mcllwain tissue chopper(Mickle Laboratory
Engineering Co. LTD, USA)E o]&3td A4 24 &
200um X 200 FA| 2 AGAEAT. A5 242 silicon
2 7849 A& (microtubule)d] Bol¥ FAE A &
oxygenated(95% Oz: 5% COz2) Kreb s buffer2 |97
2mle] #F AW (chamber)o] A48Tt 2 Awodle
300~350mg®] 49 A=A o] H7|=% 3I3irh. 7 Ay
o 94 e Ho 29 % 333.9+13.7Tmg(meant
S.E.: n=24)°] FA g}k In vitro F74E (superfu-
sion) %2 Hargreaves 594l &l AAE whgof
mel 37Ce] FxolA SR & AFHZ(peristaltic
pump, Manostat Inc., USA)E ©] 83t oxygenated
Kreb s bufferE 3404/min®] $E2 X4 22-& BFA]
ZAtH(Fig. 2). Kreb s buffer €94-& NaCl(135mM),
KC1(3.5mM), MgClz(1mM), Hepes(10mM),
NaHzPO4(1mM), CaCl2(2.5mM), NaHCOs(2.5mM),
dextrose(3.3mM ), bovine serum albumin(0.1% ),
ascorbic acid(0.1mM), Thiorphan(0.0lmM)2.2 +4
A 8t Kreb s buffere] pHE #F 24 ¥< pH
742 4HsH FAAAY. 8 baselines ¥7] 9
dto] 7TTEZF 2AREE FFSH wash-outAZl F
Kreb s buffer7} <] wigko]] Aj9A 1, Hoz Zelvt
oF #FIAE 7 fraction B 2+ TH A fraction collec-
tor(Gilson FC 203, USA)E o] &3l F3akdtt, /A
=& $AA ez 443517 e e FUA EH
2-hydroxylpropyl-f-cyclodextrin(RBI, USA)< Krebs
bufferdll 0.015%, 0.02%, 0.15% 2 5% $ =2 34A]
Ak, AFzAd AFAAYG. FAE] NF2IH
iCGRPY frldl WX 93-S 798k dose-response
FAZ 47] 9814 Kreb s bufferiel £31€ 0.02% 2-
hydroxylpropyl-8-cyclodextrin(Fig. 3)9ll A= (Sigma
Co., U.S.A.)= 100M, 3006M, 6004M 2 1.0mM 5%
2 A7 THR 2 8HA fractiondlA] 7t FEE]
FAEE AF2Ad 71l #RYS FHHAL, AF-x
Aol ke g A4 249 YAE ] st cap-
saicin(Sigma Co., USA)E 100% <24 &3lA17 T
Kreb' s bufferel] ™| 4ete] HF g7t 1006M (&
=9 JF F=T 0.17%)°] A & = 13H A ¢ 141
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A fraction®l A capsaicing X523 713t FFAE
38t o) fraction #toke] #FAL 12 X 75mm 2
719 borosilicate A @#-& o] &-3la} $7 514t

2. HAYAIME A (radioimmunoassay)of 2|8t
iCGRP2| Hzk:

FHE #ARYE AU EY ) 98] iICGRPE &
#Z5tAtt. CGRP antiserum (MI-2, provided by Dr M.
Iadarola)& CGRPY C-terminalel *2a2% chole-
cystokinin, neuropetide Y 22 FMRF-amide peptide
Z& AR C-terminal residuestes w2} WHg-3kA] sk
o Ad A% $£319 #FAY 2 fraction?] Al Hel
MI-2 antiserum(1:200,000 CGRP antiserum) 1004
< A7kt AP TS vortexdold & AgA7l & 4¢d]
Al W FAIZ T vl 4841 F (P1)-TyrCGRP2s-s71(th &
20,000-25,000cpm) 2] 10049} ferric bead?} H#2H€
goat, anti-rabbit antisera(Advanced Magnetics Inc.)

504 E Ald 3ol H718EaL vortexd A ABAIZI & 4Cd|
A wjekalict. wik 48417F & magnectic rack (Pers-
pective Diagnostics, Cambridge, Ma) Wl 30% <t
Zt AldaS AYAIA 8937 98 (immunoprecipi-
tated reaction products)o] Al oja] A@H Bof) F
A EE 3 F WAL 2] @& A (FFY) e AT F
AN E o] g3l A FBoZHE AAsIL HIIAPSE
& 74mt 74-2-H (gammar counter: Wallac, Inc., USA) &
WAt F(epm) & S35 T HHAMAEAA] v 5o]4
TS wiAS] HelA & B FEE EFstn e
Kreb s buffer2 &34 (standard curve) & THEJ S
o Logit-log 48 < o3l {CGRPY %¥& AXeHg
o} H1H 827 (non-equilibrium condition) 3t A #
WA EA S 913 34 3% @A (minimum detection
limit)E 2 A1g# Z 1~3 fmolol o™ Z AldH 3 10
~30 fmol Ate]oll A 50% displacement® Bt}

HO
HO
CHy
CHO cuyucmcu,).cu-cncﬂ\
CHP CH,CH=CH, CHj
Eugenol Capsaicin
Fig. 1. Chemical structures of eugenol and capsaicin. They have a similar phenolic structure.
/m: Peristaltic Pump
\ [ l ’
2 Y
| / ’ o
I T 1
37C water ba < b T )
Kreb s Buffer / Drug Tissue Chamber Fraction Collector Radioimmunoassay
) Containing Bovine
Dental pulp

Fig. 2. Superfusion Setup. The chopped bovine dental pulp was loaded in a superfusion chamber (2ml) and placed
in a waterbath (37°C). Oxygeneted Kreb s buffer was pumped through the system (flow rate ~ 340 L/min)
and collected in 7 min fractions. Fractions were subjected to radioimmunoassay using polyclonal antiserum
against CGRP.
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Fig. 3. Chemical structure of 2-(hydroxypropyl)-f-
cyclodextrin. Cyclodextrin is a group of homol-
ogous cyclic oligosaccharides which increase
apparent aqueous solubility of various medici-
nal agents through noncovalent inclusion com-
plexation.

3. EAIXEI:

7} #3k¢] iICGRPS #H &g ¥ watr] 915t one way
ANOVA 2 Student s- t A4S A P33t

II. 47+ &zt

Fig. 4¥ 49 X 25E iCGRP £4ld g & &
AQl 2-hydroxyl-f-cyclodextrin®] &< WYeERH it
2-hydroxyl-f-cyclodextring Kreb s buffere] 0.015%,
0.02%, 0.15%, 1.56% 2 5% =2 33X A X5 27
o #HAZ A3 BuE iCGRPH 47 22.21+3.13
fmol, 13.4+3.20 fmol, 19.18+1.59 fmol, 23.7+3.94
fmol & 25.0+5.23 fmolS YRt} &S 7184 3
Kreb s buffer?t 48] 2ol FRAIZE W 243 &4
¥ baseline® iCGRP#HS 19.74+3.80 fmol, 12.48+
4.10 fmol, 14.53+2.49 fmol, 15+£3.41 fmol % 12.65
+1.74 fmol& B4t} 0.015% 2 0.02%< 2-hydroxyl-
B-cyclodextrin® iCGRPY #Hlol $lojA baseline®
98 2o & JehiA] gket 0.15%(p<0.05), 1.5% 4
5% (p<0.01)¢] 2-hydroxyl-f-cyclodextrine baseline®l
&l f2A e 718 vEbdd

Fig. 5 49 X|$2H¥ iCGRP #H|d g fAl=2
42 Uehlle EFolt}. 1006M, 3004M, 6004M 2
1.2mM¢ FA%& 778 wash-outd Uy 7% 8HA
fractiono| Al & X5z d AL8% . Vehicle® FAl&
100M, 3004M, 600M 2 1.0mM HI7/He] T8 F=5

ICGRP ’f;ebéase(moug)

Fig. 4. Effect of vehicle (2-hydroxypropyl-B-cyclodex-
trin) on iCGRP release from bovine dental
pulp. (Fraction 7, p¢0.05%, p<0.01** vs base-
line, n="7-8/group, error bar=S.E.M).

~ {mEodmMEugenot 1|
L

B E‘ugeno;!;i o

- seline- . N

Fig. 5. Evaluation of effect of Eugenol on sponta-
neous iICGRP release from bovine dental pulp.
n="7-11/group, Error bar=S.E.M, p=0.05

748S v Eu)EE iCGRP#HS 30.54+6.18 fmol/g,
28.5442.37 fmol/g, 25.39+6.74 fmol/g, 27.91+2.95
fmol/g 2 28.88+7.92 fmol/g& UEtHx AEH oz &
H) ¥ & baselined iCGRP #& 7+ 30.12+6.50
fmol/g, 26.93%3.11 fmol/g, 29.05+5.74 fmol/g,
32.45+3.81 fmol/g ¥ 34.09+6.49 fmol/gg R
baseline} Aol 93 #u|F Alojol= BAEA e
3 27} AU}, ol 2 Adte fAEe] T AU
o] ApF oz dojuh= iCGRP #u)dl ulsl ojd dFg=
FA s e

Fig. 62 &9 X23E iCGRP &4l et cap-
saicin® ¥ Yehlle =Holth Ao R dojue
iCGRP £4]9] baselined 25.97+2.3 fmol/gE EHC
™ 1004M capsaicin® 91.93+7.80 fmol/g& £H]5}

183



%

i@ 100#M Capsaicin

404

(CGRP Release(fmol/g)
‘o,
(=]

30

Baseline Peak

¥ 100 L M Capsaicin + Vehicle

A 800 1M Eugenoc! + 100 M Capsaicin
+ Vehicle

¥ 800 M Eugenol + Vehicle

110} n=g-12

»

a
O N o ©
09008

JCGRPRelease(Fmolig)
38838

-
(=]

—Drug 100uM CAP
[s) r——— —r—r—— - ——
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Fi ti number( a fracti / 7min)

Fig. 6. Effect of 100 M capsaicin on iCGRP release
from bovine dental pulp. (**p{0.01, error
bar=S.E.M. n=8)

100#M capsaicin®| baselineol thaf 2.58¢] iCGRP £
H| & Z7HAH(p<0.01).

Fig. 7& &9 X$2%H capsaicindl 93] o8&
iCGRP &Ml tall fxlze] vX e 43 d& =25
YeRl s glt}, 1006M capsaicin, 6006M F-A1%E +100¢
M capsaicin % 600M F-21=& 7% 894 fractionolA
AgzHe ket em Xrzze] J& 41E gl
HaiA 137 1494 fractionolA] 1006M capsaicin 7}
&tk 1004M capsaicin 502 239 713E W&
% 91.93%7.78 fmolo] ®H =3 1004M capsaicin}
A 600eM FAES A 7tk el 68.84+
12.22 fmole] ZHIH AW, 6004M FAE HEL
baseline?t ztol7} v @sict. Ao o2 6004M fA
Eo] 1004M capsaicin® 9|3} oF7|¥= iCGRP #H|&
40% (153.4+41.1% vs 258.9+21.7%) ©1% Z2AZ
HpC0.05).

T3 8HA fractiono]A 1004M capsaicin ©F0.2
7kt 73-9-9k 1004M capsaicin® 7] 600:M FA1 =S 7}
g A5de 137 1494 fractionollA A= 1004M cap-
saicinl| 2l iCGRPY] #H]7} YojuA] §sked o] & o]
7] 1004M capsaicin® 3] Xz e] A7dde] &7zt
(desensitization) 5 &2 ¢jn|git}

o 2 ol 9 A2 A3
£ WA d30go] doluth FET ¥ FFL B
g Wl 47 B e PREY gel ArE A%

ol i A&AQ ATl Q& AP 4T whEo] dojut
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Fig. 7. Effect of eugenol on capsaicin-evoked release
of iCGRP. *p<0.05.

A 227 Aot 9 walAol BXH o] A
ol i3] vl $- w2 A sk Xee BE 22 o)
A B2 FEoRu AX|Fte So|d 2Fo g 9
2o A A o] FE71A Uig Al 2
g 2347F H3 givk. 744 2079 F2ele CGRP
u} substance P9} 22 A7 seto| =7t SR A5
3 lem §3 2ol AE CGRP7F substance PRt}
174) o] Exso] gikn Baugel }?. K H %
capsaicin®} 22 AFA Y GFHA dE52H o2 RY
Bydyd, z22eladd, 3|28 2 Jeukotriene 5
3 22 AFuA e SJaiA o] FRE B &
Wi §7 A7 selo| o) £u)7) Z7RITEP. wely |
22548l ©g CGRPY substance P & 2734
#9] wol(sprouting) A =S HAAY WAL EA]
A(RIA)Z o] &3 919] AAHElo| =9 F o <A A
o e FEwHEY] AEE FHT 4= Qlopeien 4 3
9] iCGRP= <17t9] A4 iCGRPY} FARE |23
gjehd GAd ol BEGAFE Holn, & AF 1g9 2 50
pmol¥] iCGRP& 7FA 1 %11, capsaicinel 23] iCGRP
TH| 7} o7 7] o) X F=2EE el =] B
ZA-d| 2hgsh= FE 7O & X $7} in vitro BFA
ol e Yol BaEo] IoH®, weha B A
AE 29 AFE A/ FAE0] iCGRP £H| 24
oA e 98 A RN (RIA) S o] 83l #23}
%Act.

1FEY FAEC] AFd AF =xEE AXAFE 9
ATAY N EAIES fdshe 59 AESHS opy|eH
ASHANA FATZHE superoxided ¥H|E FF4A]
A ZHEFE F7ATIHOY JREF o2 nFEQ 10%~
10® mol®] §A159 7§ A238< AUz o 21
g0 JF?. AFry FAE(E AsloldfiAls AWE

2




g 2 xole] ool L3l A4S TRrAE Y
A, superoxide B4, AAEE & W A
(chemotaxis) §& 4AII®, Hume* & H*-eugenols
Abglopdel| Eakgt ¥t X o] mFH oHFol AYst] &
gH e FAEY %S 3 v AgloldfAEAHE 8}
Woll e 10%molE 28|32 A7 W] Aedors 10
‘mole B3l 15749 F<¢ o] =7 A&HUT L Pt
3 FA5 fre] Fert Aol /A s E3ked 2
Al IR sk A7t AbslolAAME Alo] o] ZhE
Fotde] FA Y o) FA¢-E Ak Eugict weki] 44
Aoz AgloldfAlE AMES} AAFAA, A 18]
2 Aoldx Ztabgl o] &7k (desensitizing agent) 5l
AE e XEd TRIAE fX8 TRt UiEF 10
‘mol® FAETE & AFAA  1004M, 300M, 600:M
2 1.2mM $AE0] Kol iCGRP #8248 n|A]=
S ket vh o= FEAME iCGRP #4] 24| 93k
< vAA] g A0 R e

Cyclodextrin® ¥ ¥El9] oligosaccharide2A Wi+
Aol F2E 1 gl QUAEY &) gA HE3)
1 gRE AgAo] wFd] guld A gaHe 4EE
7EA 3L 971 Wl Eo] FEH A (vehicle) 2 Wol AHEE I
Jeppsm f2)we WA NS 2 gAY HEEA F
Fro =R ¥ HFo] Hol BHd e Ade A
A& 7R Qlo] AEER gAAT]7] ofFt. & A7l
Ae 0.02%<] 2-hydroxylpropyl-f-cyclodextrindiel &
AlE0] 1006M, 3006M, 600M 2 1.2mM =2 €A
falEo] &9 A A HGAE £ Aen] upEpA
TR fAE AGARA o]&E 4 S1&2 AT
Q] FEHEAZA AMEET] SJEA AEEAS Y
Bl A @olol &7] W ¥ 2-hydroxylpropyl-8-
cyclodextring 4:¢] X4 7}8lo] iCGRP &4l WA &
dgFE HE davt Y. g B dFdAae
0.015%, 0.02%, 0.15%, 1.5% 2 5% ®%=& #FA#A
B A3 0.02% 2 0.015% & 2% iCGRP &7t
baselines} A}o]7} UA] kot 0.15% FXx o)dodAx=
F27t 71l wie) iCGRP #8l7 S7HE S & F IS
= ol 0.02% $% °l8+9] cyclodextrin A EHe] &
AE LA RowA s FEHEARA F8%
AL & veRI T

Capsaicin® T2 4x 744 #Z4AS A58
A7gelole] £ 4 55 fdste A2 geA 3
v}, AN A4 FolE capsaicin 84 (32 vanilloid
FEA)7F A3t glo] o] FEAIL AF LAY ol
& Aldol /MWE 1 ol 27 Nat o]2o] 44U JF
sto] gio| A|FEn JEA7) FFAA A9Et. &
3 ABAEY TG Agolo] JAHE|EE FHlF

o Adzp 7 A7) tidt capsaicin®] 2H-E71H
et A= A4 capsaicin &A1l <J8f A o=
43 2438t benzazepine F+5A < capsazepinedl] <]
3 Zo] 53 JF. Capsaicin® FA5L FAR ¥
= 72 eT2AE /AT v Aol WS FuE
t}. Patachinni §7& fFA&o| # W] dx247 4174
AA capsaicin® 22 &A&< LI Hugm,
Ohkubo®t Kitamura®™% fAl&°] #< DRG(dorsal
root ganglion) AAAFZWE Ca®* HAES A AFIC)
I 8ko] FAEH capsaicin®] A4 A4 tE) 2
& 7deg Agdttn F48ch Ee capsaicind
Ago]l g Hal4g w2, X5 D HolA® sub-
stance P #H]E op7|gtin Rausdlgich £ AFoMw
100eM capsaicin®] FEA 25 1A &9kS ] #uls e
baselinedl| Hl3] 2583 = EH| & F7HAIH Y cap-
saicino] A7 o] 4] & B5& oy|ehe 2g ¥l
& 4 9IAoh. Capsaicin® FA1EL fAFS dlg 72 B
ool AR A4 dtthe Base g olidE e
2 gutsle 4AL Ay 7] R AREL cap-
saicindl 2J3 o}715 & iCGRP 8|0l fx)50] oJ2A 2
$3h= 7HE AESNE ¥l 600 2M A =0] capsaicin 2
S 40% A% gAshe Aoz eyttt olE §A &0
capsaicindl] 943 AFERFE FEHOE AT = 7]
Ao e F&& dAANIE A2 AFGH Y
Patachinni”#} Ohkubo % Kitamura®¢] |5 Aze} 4
e = ACZN A5 capsaicin®] XFRA9] T2
TN B HEYE ICGRP #¥]d) vl 9% 2 4
SAgo ggf ¢o g B A7) Al olok & Folt),

V.2 &

A A=A o[ AA 417 & A A7 & JeE 7R E
fFAEo] ApollA] iICGRP #8l9] 24 vX& 93
capsaicin®l 93] °}71¥& iCGRP #8240 fA%2
uX)e Gl s Brlsta BRlzde A vt
oo #3t 7IHE FH, FAES T FAANH 2F
Z AL F e A FESH (vehicle) S 27
A3l Aolgle A9 A4E 200mA7| 2 Adetn 4k
7} 3F9E Kreb s bufferd] 3404/min®] &2 A5
Z24E BFAAY. A5 capsaicin 28] 3L 2-hydrox-
ylpropyl-fcyclodextrin(RBI, USA)& X 24 #F
T O #ARAS AGUALABAY A o] FH]dE
iCGRP #& S48l th33 22 A& L3t
1. fFA1Ee] &9 NF25E ICGRP HA d3& 54

skt

2. 1006M capsaicine iCGRP £H]¢] baselinedl| thsf
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2.5 1} 3718 o713t

3. A% (600uM)2 capsaicinell /& 71" iCGRP ¥
HE 40%(153.4141.1% VS 258.9+21.7%) ©]4
e,

4. 0.02% I8t F%%] 2-hydroxylpropyl-f-cyclodextrin®l
29 A42HE ICGRPEHIE o734 &stn fAls
= 8371 & e S vehicleZ HEEH AT
ol de] AR Ho} FAEE AFZHE CGRP #H| 2

op7131A & o capsaicind] W7 AAARE FEA

o2 AT = 7]-e 3 BES AATE Ao A

ze e,
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